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REMARKS/ARGUMENTS 

The oath or declaration, filed on April 23, 2004, has been deemed defective for allegedly 
not properly identifying the specification to which it is directed. 

Claims 1 to 19 have been rejected under 35 U.S.C. 102(e) as being anticipated by U.S. 
Patent No. 6,878,095 to Shigyo. 

Claims 1, 7 and 18 have been amended. 

Claims 20 to 22 have been added. 

Reconsideration of the application is respectfully requested. 

Oath/Declaratiop 

The oath or declaration, filed on April 23, 2004, has been deemed defective for allegedly 
not properly identifying the specification to which it is directed. 

Applicants respectfully submit that the signed Power of Attorney and Declaration 
submitted on April 23, 2004 properly identifies the declaration by application number and filing 
date. Applicants had authorized attorneys of record to insert application number and filing date 
in the parentheses next to the third check box fi’om the top. Application nimiber 10/791,432 and 
filing date March 2, 2004 were properly inserted in the filed declaration. 

It is respectfully requested that the filed declaration and power of attorney is acceptable 
and no new oath or declaration is required. However, since the declaration submitted on April 
23, 2004 also indicates that the specification of which is attached hereto, a copy of the 
declaration and a copy of the original specification to which it is directed is enclosed 
herewith. 

It is respectfully requested that the enclosed declaration and power of attorney is 
acceptable as being in compliance with 37 CFR 1.67(a). 
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35 ll.S.C. 102fe) Rejections 

Claims 1 to 19 have been rejected under 35 U.S.C. 102(e) as being anticipated by U.S. 
Patent No. 6,878,095 to Shigyo. 

In Shigyo, a clutch capacity C becomes zero to completely disengage an automatic clutch 
when deceleration a becomes the preset deceleration o2. When a gas pedal is then operated, 
controller 3 1 sets the command clutch transmission torque at a transmission torque capacity of a 
clutch full engagement state so that engagement force of automatic clutch 4 is controlled to bring 
the transmission torque closer to the command cutch transmission torque set at the full 
engagement value. See col. 5, lines 8 to 12 and 25 to 31, and Fig. 3. 

Claim 1 recites a method for controlling a clutch located between a drive motor and an 
automated manual transmission of a drive train, the method comprising: 

controlling the clutch so as to change from an engine braking mode to a free 
wheeling mode; and 

reengaging the clutch when a gas pedal is operated in the free-wheeling mode only 
when an engine rotational speed is above a transmission input rotational speed. 

Support for the amendment and the related advantages may be found at [0030] and 

[0031]. 

Shigyo does not disclose reengaging a clutch when a gas pedal is operated in the free- 
wheeling mode only when an engine rotational speed is above a transmission input rotational 
speed. 

Claim 18 has a similar limitation. 

Withdrawal of the rejection to claims 1 and 18 and their dependent claims is respectfully 
requested. 

Claim 20, corresponding to original claim 3, recites a method for controlling a clutch 
located between a drive motor and an automated manual transmission of a drive train, the method 
comprising: controlling the clutch so as to change from an engine braking mode to a free- 
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wheeling mode, wherein the clutch is disengaged to implement the free-wheeling mode when a 
transmission gear is equal to or less than a maximum free-wheeling gear. 

Shigyo does not disclose a maximum free-wheeling gear at all and does not disclose the 
clutch being disengaged to implement the free-wheeling mode when a transmission gear is equal 
to or less than a maximum free-wheeling gear at all. Shigyo’s disengagement is based solely on 
deceleration and vehicle speed. 

Claim 21, corresponding to original claim 7, recites a method for controlling a clutch 
located between a drive motor and an automated manual transmission of a drive train, the method 
comprising: controlling the clutch so as to change from an engine braking mode to a free- 
wheeling mode, wherein the clutch is disengaged to implement the free-wheeling mode when a 
driving speed is less than a maximum free-wheeling speed. 

Shigyo does not disclose a maximum free-wheeling speed and does not disclose the 
clutch being disengaged to implement a free-wheeling mode when a driving speed is less than a 
maximum free-wheeling speed. In fact, Shigyo states “even if the vehicle travels at high speed, 
this engagement-force decreasing control is firmly executed under a condition that vehicle 
deceleration a is greater than or equal to preset deceleration al under a non-shifting state.” See 
col. 6, lines 33-37. 

Claim 22, corresponding to original claim 8, recites a method for controlling a clutch 
located between a drive motor and an automated manual transmission of a drive train, the method 
comprising: controlling the clutch so as to change from an engine braking mode to a free- 
wheeling mode, wherein the clutch is disengaged to implement the free-wheeling mode when no 
downhill driving is detected 

Shigyo does not disclose any driving conditions with respect to downhill driving and does 
not disclose the clutch being disengaged to implement the free-wheeling mode when no downhill 
driving is detected. 

In view of the above, withdrawal of the rejection to claims 20, 21 and 22 under 35 U.S.C. 

§ 102 (e) as being anticipated by Shigyo is respectfiilly requested. 
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CONCLUSION 

The present application is respectfully submitted as being in condition for allowance and 
applicants respectfully request such action. 

If any additional fees are deemed to be due at this time, the Assistant Commissioner is 
authorized to charge payment of the same to Deposit Account No. 50-0552. 

Respectfully submitted, 

DAVIDSON, DAVIDSON & KAPPEL, LLC 

By CQ^ 

William C. Gehris, Reg. No. 38,156 



DAVIDSON, DAVIDSON & KAPPEL, LLC 
485 Seventh Avenue, 14‘*’ Floor 
New York, New York 10018 
Tel: (212)736-1940 
Fax: (2 12) 736-2427 
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METHOD FOR CONTROLLING A CLUTCH 

[0001] This claims the benefit of German Patent Application No. 103 09 723.6, filed 
March 6, 2003 and hereby incorporated by reference herein. 

BACKGROUND INFORMATION 

[0002] The present invention relates to a method for controlling a clutch -which islocated 
between a drive motor and an automated manual transmission of a drive train. 

[0003] Drive trains for motor vehicles in which a manual transmission is coimected via a 
clutch to the drive motor are known firom the related art, both the manual transmission 
and the clutch being operated automatically. Such transmissions and/or drive trains are 
known as automated manual transmissions in general. 

[0004] Vehicles, in which the engine and drive train are connected via a fiiction clutch, 
may be stimulated to develop vibrations between the engine and the drive train with 
respect to the vehicle during load alternations or changes. Especially in the case of high 
transmission ratios, which is the case at low speeds anyway, these vibrations are 
perceptible in the output. Although this effect is accepted by the driver of a manual 
transmission, the demand for comfort is greater in the case of automated systems. 

BRIEF SUMMARY OF THE INVENTION 

[0005] An object of the present invention is therefore to reduce the vibrations that occur 
with load changes. 

[0006] The present invention provides a method for controlling a clutch which is located 
between a drive motor and an automated manual transmission of a drive train, the clutch 
being controlled so. that a fi:ee-wheeling function is implemented during an engine 
braking mode. While changing firom a drive or traction mode to an engine braking mode 
(e.g. when the gas pedal is released but the automobile is still in gear), the clutch is 




disengaged and thus the vibration is damped. The change from an opened drive train to 
normal driving with a closed drive train must be perfonned under suitable conditions. 
Such conditions include both the transitional conditions from driving to free-wheeling as 
well as strategies for controlling the transition from free-wheeling to driving. 

[0007] The clutch is preferably disengaged to implement the free-wheeling function. 
Initial conditions for the free-wheeling function may be the fact that the gear is less than 
of equal to a maximum gear and/or that the clutch is disengaged to implement the free- 
wheeling function when the gas pedal has not been operated and/or an idling switch is 
activated and/or the driver's desired torque is less than zero and/or in addition the speed is 
less than the maximum free-wheeling speed and/or downhill driving is not detected by a 
control unit or the like and/or the transmission is shifted to an automatic driving program 
and/or a creep function is not activated and/or there is no block of the free-wheeling 
function. 

[0008] To prevent the vehicle from suddenly switching out of engine braking mode and 
unexpectedly (for the driver) shifting into free-wheeling, the free-wheeling function is 
blocked with one or more of the following conditions: when the driving speed is greater 
than the maximum free-wheeling speed, when no automatic driving program has been 
activated or when a hill driving program has been activated. Here again, other conditions 
may also be used. 

[0009] The block remains in effect at least imtil one of the following conditions is met: 
when the gas pedal is operated or the driver's desired torque is greater than zero, when 
there is a change from a manual driving progran to an automatic driving program or 
when there is a change in gear with a gear lower than or equal to the maximum free- 
wheeling gear. Here again, other conditions may also be used. 

[0010] The present invention also provides a drive train in particular for a motor vehicle 
comprising a drive motor, a manual transmission and a clutch connecting the two in 
which the drive train includes a controller, which is capable of operating according to one 
of the preceding methods. 
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BRffiF DESCRIPTION OF THE DRAWINGS 

[0011] Exemplary embodiments of the present invention are described in greater detail' 
below on the basis of the accompanying figures, in which: 

[0012] Figure 1 shows a plot of rotational speed o ver time in the transition to free- 
wheeling; 

[0013] Figure 2 shows a plot of torque over time in the transition to free-wheeling; 

[0014] Figure 3 shows a plot of the rotational speed on reengaging the clutch without an 
engine torque intervention; 

[0015] Figure 4 shows a plot of the torque on reengaging the clutch without an engine 
torque intervention; 

[0016] Figure 5 shows a plot of the rotational speed over time on reengaging the clutch 
with an engine torque intervention; . 

[0017] Figure 6 shows a plot of the torque on reengaging the clutch with an engine 
torque intervention; 

[0018] Figure 7 shows a flow chart for the sequence of the free-wheeling function; 
[0019] Figure 8 shows a flow chart for setting the free-wheeling block. 



DETAILED DESCRffTION 

[0020] The diagrams in Figures 1 through 6 are schematic diagrams of the plots of 
rotational speed n and engine torque M over time t for the engine. 

[0021] Figure 1 shows idling rotational speed 1 and engine rotational speed 2 plotted 
over time t. With the start of free-wheeling phase 3, shown as a vertical line in Figure 1, 
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the vehicle clutch, which connects a known drive motor to an automated manual 
transmission, is disengaged. The clutch is controlled automatically by an electric 
actuator, for ex^ple. Shifting of the manual transmission is also performed, e.g., by 
electrically driven actuators. Such a drive frain and/or the respective transmission and its 
shifting may be referred to in general as an automated manual transmission. As shown in 
Figure 1 , engine rotational speed n drops to idling rotational speed 1 after the start of 
free-wheeling phase 3. 

[0022] Figure 2 shows corresponding torque curve M plotted over time t. This shows 
engine torque Mm and clutch torque Mr. As this shows, the clutch torque drops at the 
start of free-wheeling phase 3, which is represented by a vertical line as shown in Figure 
1, to a clutch torque Mr of zero, while engine torque Mm rises to a free-wheeling torque 5 
after the clutch has been finally disengaged. For comparison purposes, torque curve Mm 
during regular engine br^ng is shown; in this case a negative drag torque 4 is 
transmitted to the engine via the clutch. 

[0023] Figure 3 shows the reengagement of the clutch without engine intervention, where 
the rotational speed of the engine before engaging the clutch is approximated to the 
rotational speed of the transmission input shaft. The goal is to ensure virtually unnoticed 
(by the driver) engagement of the, clutch. Figure 3 shows rotational speed n plotted over 
time t. Transmission rotational speed tic is plotted as a horizontal line. According to the 
diagram in Figure 1, idling rotational speed 1 of the engine is also shown as a horizontal 
line. Free-wheding phase 6, engine acceleration phase 7 and clutch engagement phase 8 
are also shown over time. During the engine acceleration phase, engine rotational speed 
nM is increased so that it is above the transmission rotational speed during the clutch 
engagement phase. The transmission rotational speed is measured at the clutch. With 
steady engagement of the clutch beyond a clutch engagement point in time 9, the 
rotational speed drops, beginning at point 3 1, to transmission rotational speed no until the 
clutch is completely engaged. 

[0024] Figure 4 shows plots of corresponding engine torque Mm and corresponding 
clutch torque Mr. Clutch torque Mr is controlled at a comparatively low level for 
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bracing the drive train during the acceleration phase of the engine and then during the 
clutch engagement phase is controlled at engine torque Mm and for a brief period of time 
even above that. In the engaged state, clutch torque Mr corresponds to engine torque 
Mm- 

[0025] Like the previous diagrams, Figures 5 and 6 show rotational speed n and torque M 
plotted over time t. In contrast with the diagram in Figures 3 and 4, the diagrams in 
Figures 5 and 6 shows reengagement of the clutch with engine torque intervention. The 
plot of the rotational speed shown in Figure S follows approximately the plot of the 
rotational speed shown in Figure 3. However, it may be seen that with the plot of the 
torque shown in Figure 6, the engine torque is not regulated at a constant level 30 in order 
to then enter the clutch engagement phase 8, but instead is first regulated at a relatively 
high level which is then regulated back down to a comparatively low level after the start 
of the clutch engagement phase. 

[0026] As an initial condition for the firee-wheeling fimction, different parameters may be 
selected. First the gear should be less than or equal to a maximum firee-wheeling gear. 
The maximum firee-wheeling gear is a predetermined highest gear in which the drive, train 
may be switched to the firee-wheeling fimction. In addition, the gas pedal must not be 
operated and an idling switch must be switched by the driver to active or the driver's 
desired torque must be less than zero. An additional condition is that the driving speed 
must be less than a maximum firee-wheeling speed. Above the maximum fi~ee-wheeling 
speed, the vehicle is also not switched to the fi-ee- wheeling function. The firee-wheeling 
function is also not activated when driving downhill has been detected. The fi'ee- 
wheeling function is activated only when an automatic driving program is selected and no 
creep function has been activated. 

[0027] To prevent the vehicle fi*om coming suddenly out of engine braking mode and 
unexpectedly (for the driver) switching into fi-ee-wheeling mode, the fi'ee-wheeling 
function is blocked when various conditions occin. A block occurs when the driving 
speed is greater than the maximum fi’ee-wheeling speed. Likewise a block occurs when 
no automatic driving program has been selected and when a hill driving program has 
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been activated. The block remains active until the gas pedal is activated or the driver's 
desired torque is greater than zero, until there is a change from a manual driving program 
to an automatic ^ving program or rmtil there is a gear change with a gear lower than or 
equal to the maximum free-wheeling gear. 

[0028] As soon as one of the initial conditions is no longer met, the clutch is engaged 
again. A distinction must then be made as to whether the reengagement will be in an 
engine braking or in a drive or traction mode. 

[0029] To enter an engine braking mode, the clutch is slowly engaged and/or a creep 
torque is built up. 

[0030] If the gas pedal is operated on leaving the free-wheeling state, the clutch engages 
only when the engine rotational speed is above the transmission input rotational speed. 
The clutch engagement function during drive or traction mode is critical in terms of 
comfort because the driver does not receive the desired output torque during acceleration 
of the engine and then the clutch must be engaged relatively rapidly to prevent the engine 
from racing. 

[0031] It has proven advantageous to have the clutch already gently applied (only a few 
newton meters) during engine acceleration. This makes is possible to reduce the dead 
time for bridging the air gap of the clutch, but also the play in the input shaft is run 
through in a defined manner at a low torque. Even if the driver operates the gas pedal 
only slightly, a rapid equalization of the rotational speed may be achieved with a positive 
torque demand of the engine control and thus the engine acceleration phase may be 
shortened. 

[0032] Engagement of the clutch must take place so rapidly that overtorquing of the 
engine may be prevented. With a reduced torque demand of the engine control, it is 
possible to produce rough clutch engagement operations and severe overspeed of the 
engine. 

[0033] Figure 7 shows a flow chart for the free-wheeling function sequence; similarly. 
Figure 8 shows a flow chart for setting the free-wheeling block. After a starting point in 
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time. 10 in Figure 7, first a check is performed in a first checking step 1 1 to determine 
whether the free-wheeling block is inactive and whether the gear is less than or equal to 
the maximum free-wheeling gear and whether the speed is less thaii or equal to the 
maximum free-wheehng speed and whether there is no downhill driving situation and ' 
whether an automatic shifting program is active and whether the gas pedal has not been 
operated or the driver’s desired torque is less than zero newton meters and the creq) 
fimction is inactive. If all of these are correct, then a free-wheeling phase 12 is initiated 
and the clutch is disengaged. If this is not the case, then in a second checking step 13 a 
check is performed to determine whether the gas pedal has been operated or whether the 
driver's desired torque is greater than zero newton meters. If this is the case, then in.a 
third checking step 14 a check is performed to determine whether the. engine rotational 
speed is greater than the transmission rotational speed. If this is the case, then there is a 
clutch engagement phase with clutch engagement during drive or traction'mode 15, ’ 
whereupon the entire checking procedure is ended at an end 16. If-second checking step 
13 has been answered in the negative, then it is a clutch engagement phase with clutch 
engagement to enter an engine braking mode and/or with a creep torque in the buildup 
17, whereupon the end 16 is triggered again. If the third checking step 14 has been 
answered in the negative, then it is an engine acceleration phase in which a low clutch 
torque is to be applied 18, whereupon the end 16 is triggered again. 

[0034] Figure 8 shows a flow chart for setting the free-wheeling block. After start 19, a 
check is first performed in a step 20 to determine whether a continuous driving program 
is inactive or whether the speed is greater than the maximum free-wheeling speed or 
whether a downhill driving situation is activated. If this is the case, then in a step 21 the 
free-wheeling block is activated. If the check in step 20 has been answered in the 
negative, then first in a step 22 a check is performed to determine whether the gas pedal 
has been operated and is thus greater than zero or the target gear is less than or equal to 
the maximum free-wheeling gear or whether there has been a change between manual 
shifting and automatic shifting. If this is the case, then in a step 23 the free-wheeling 
block is deactivated. If the check in step 22 has been answered in the negative, the 
program is terminated directly at step 24. 
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List of Reference Notation 



n 

hm 

M 

Mm 

Mk 

ho 

t 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 



rotational speed 
engine rotational speed 
Torque 
engine torque 
Clutch 

transmission rotational speed 
Time 

idling rotational speed 
engine rotational speed 
start of free-wheeling phase 
drag torque 
free-wheeling torque 
free-wheeling phase 
engine acceleration phase 
clutch engagement phase 
clutch engagement time 
starting point 
first checking step 
free-wheeling phase 
second checking step 
third checking step 
clutch engagement phase 
End 

clutch engagement during deceleration or engine braking / 
creep torque buildup 

engine acceleration phase with a small clutch torque 
Start 

Check of continuous driving program, speed, etc. 
activation of free-wheeling block 






gas pedal operated? 

deactivation of free-wheeling block 

End 
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What is claimed is: 

1 . A method for controlling a clutch located between a drive motor and an 
automated manual transmission of a drive train, the method comprising: 

controlling the clutch so that a free-wheeling function is implemented 
during an engine braking mode. 

2 . The method as recited in claim 1 wherein the clutch is disengaged to implement 
the free-wheeling function. 

3. The method as recited in claim 2 wherein the clutch is disengaged to implement 
the free-wheeling function when the gear is equal to or less than a maximum free- 
wheeling gear. 

4. The method as recited in claim 2 wherein the clutch is disengaged to implement 
the free-wheeling function when the gas pedal has not been operated. 

5. The rnethod as recited in claim 2 wherein the clutch is disengaged to implement 
the free-wheeling function when an idling switch is activated. 

6. The method as recited in claim 2 wherein the clutch is disengaged to implement 
the free-wheeling function when a driver’s desired torque is less thain zero. 

7. The method as recited in claim 2 wherein the clutch is disengaged to implement 
the free-wheeling function when the driving speed is less than the maximum free- 
wheeling speed. 

8. The method as recited in claim 2 wherein the clutch is disengaged to implement 
the free-wheeling function when no downhill driving is detected. 
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9. The method as recited in claim 2 wherein the clutch is disengaged to implement 
the free-wheeling function when the transmission is shifted to an automatic 
driving progr^. 

10. The method as recited in claim 2 wherein the clutch is disengaged to implement 
the free-wheeling function when a creep function is not activated. 

11. The method as recited in claim 2 wherein the clutch is disengaged to implement 
the free-wheeling function when there is no block of the free-wheeling function. 

12. The method as recited in claim 1 wherein the free-wheeling ftuiction is blocked 
when a driving speed is greater than the maximum free-wheeling speed. 

13. The method as recited in claim 1 wherein the free-wheeling function is blocked 
when no automatic driving program has been activated. 

14. The method as recited in claim 1 wherein the free-wheeling function is blocked 
when a hill driving program has been activated. 

15. The method as recited in claim 1 wherein a block of the free-wheeling function is 
deactivated when the gas pedal is operated or the driver's desired torque is greater 
than zero. 

16. The method as recited in claim 1 wherein a block of the free-wheeling function is 
deactivated when there is a change from a manual driving program to an 
automatic driving program. 

17. The method as recited in claim 1 wherein a block of the free-wheeling function is 
deactivated when there is a change in gear with a gear that is less than or equal to 
a maximum free-wheeling gear. 
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18. A drive train comprising: 

a drive motor; 
a manual transmission; and 

a clutch connecting the drive motor and the manual transmission; and 
a controller capable of automatically controlling the manual transmission, 
the controlling the clutch so that a free-wheeling function is implemented during 
an engine braking mode. 

1 9. The drive train as recited in claim 1 8 wherein the drive train is a motor vehicle 




Abstract of the Disclosure 



A method is described for controlling a clutch which is located between a drive 
motor and an automated manual transmission of a drive train. In this method, vibrations 
during load alternations are reduced by controlling the clutch so that a free-wheeling 
function is implemented during an engine braking mode. 




